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Objective: Interventional radiologists, cardiologists, and vascular surgeons are capable of performing endovascular
procedures successfully in their respective environments. Suboptimal anatomy or intraoperative technical problems can be
encountered, and endovascular management alone is not always suitable. The objectives of this study were to define the
incidence of adjunctive surgical techniques, to discuss the rationale for endovascular reconstruction in a well-developed
surgical environment, and to assess the effect of experience on the incidence of adjunctive repair.
Methods: All primary aortic and aortoiliac elective, urgent, and emergent endovascular procedures performed at the Peter
Lougheed Center and entered into a prospective database from May 25, 1999 to June 01, 2005, were reviewed. All
adjunctive surgical techniques to enable stent deployment, enhance attachment site, or solve intraoperative difficulties
were captured. The study period was divided into two time periods based on learning curve data to assess the effect of
experience on the rate of adjunctive repairs.
Results: Four hundred thirty-eight patients underwent elective (80%), urgent (15%), or emergent (5%) endovascular
procedures during the study period. These consisted of 101 thoracic and 337 abdominal operations, including the use of
13 fenestrated stents. One hundred thirty-nine patients (31.7%) required 180 open surgical procedures. Complete data
were available for the entire patient cohort. The mean follow-up was 793.2 days (SD, 519.1 days). Procedures were
necessary for vascular access, arterial dissection/rupture, limb ischemia, and enhancement/elongation of the stent
attachment site. The persistent endoleak rate was 5.3%, the late rupture rate was 0.7%, the conversion rate was 1.6%, the
30-day surgical mortality rate was 3.2%, all-cause mortality to date is 7.3%, and the reintervention rate was 4.6%. There
was no statistically significant effect of the learning curve on the incidence of surgical adjunctive procedures in either the
thoracic group (11/26 [42.3%] for phase 1 vs 17/75 [22.6%] for phase 2) or the abdominal group (14/50 [28.0%] for
phase 1 vs 97/287 [33.8%] for phase 2). Overall, 31.5% of patients required adjunctive surgical repair.
Conclusions: Successful endografting requires endovascular expertise in addition to a well-developed surgical environment
to increase applicability and decrease patient risk. Despite advances in endovascular technology, hybrid techniques will
continue to be required to achieve good overall success rates. ( J Vasc Surg 2005;42:645-9.)Since the initial report of an endovascular abdominal
aortic aneurysm repair by Parodi et al1 in 1991, technolog-
ical advancement and increased operator expertise have
expanded endovascular indications to include patients with
higher-risk comorbidities and more anatomically challeng-
ing conditions. Although decreased blood loss, fluid shifts,
overall anatomic dissection, and shorter operating times are
advantages of this less-invasive approach, there is still a
significant incidence of related complications, including
stent access failure, endoleak, rupture, and conversion.2-7
Interventional radiologists, cardiologists, and vascular
surgeons are capable of performing endovascular repairs
successfully in their respective environments. Open surgical
procedures may be necessary to allow stent deployment or
solve intraoperative problems2,8-10 and may be required
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doi:10.1016/j.jvs.2005.06.033urgently or emergently. The need for a sterile operative
environment, with appropriate equipment and trained sur-
gical personnel for performing endovascular and, poten-
tially, open aortic procedures, has been poorly addressed in
the literature to date.
The objectives of this study were to analyze the
incidence of open adjunctive surgical procedures, to help
determine the rationale for performing endovascular
aortic and/or iliac repairs in a surgical setting, and to
assess the effect of the learning curve on the incidence of
adjunctive techniques.
METHODS
All consecutive patients who underwent aortic elective
or emergent endovascular procedures from May 25, 1999,
to June 1, 2005, at the Peter Lougheed Center were
studied. Ethics approval was obtained by the University of
Calgary Ethics Committee. Procedures were performed in
the operating suite by vascular surgical attending physi-
cians, with a floating carbon fiber endovascular table (OEC
APIX CV Imaging Table; GE OEC Medical Systems Inc,
Salt Lake City, Utah) and a high-resolution digital subtrac-
tion angiography–capable mobile C-arm unit (GE Series
9800 Vascular Mobile Imaging System). Immediately after
the repair, patient demographics and surgical data were
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primary surgeon.Open surgical adjunctive procedures were
defined as supplementary techniques performed either be-
fore or during surgery to enable stent access or deployment,
enhance or elongate the attachment site, or solve intraop-
erative difficulties. Simple primary closure of the arteriot-
omy site or adjunctive procedures that were endovascular
or were performed after surgery were excluded. Patients
were assessed with computed tomography or duplex imag-
ing before discharge and followed up both clinically and
with repeat imaging at 6-month intervals for the duration
of the study. Database auditing and patient follow-up were
maintained through a study coordinator.
The incidence of all adjunctive procedures related to
the operative learning curve was assessed by dividing the
study period into two phases based on data for learning-
curve volumes.11 The first period encompassed May 25,
1999, to November 11, 2001, and consisted of 76 patients,
whereas the second period was from November 12, 2001,
to June 1, 2005, and consisted of 362 patients. Data were
analyzed according to the Poisson distribution.
RESULTS
Four hundred thirty-eight patients underwent elective
(80%), urgent (15%), or emergent (5%) endovascular pro-
cedures during the study period. These consisted of 101
thoracic and 337 abdominal operations, including the use
of 13 fenestrated stents. Indications for the primary endo-
vascular repairs are listed in Table I. One hundred thirty-
nine patients (31.7%) required 180 open surgical proce-
dures (Table II). Complete data were available for the
entire patient cohort. The mean follow up was 793.2 days
(SD, 519.1 days).
Adjunctive surgical procedures were performed either
before (8 patients; 1.8%) or during both thoracic and
abdominal stent procedures to allow for stent vascular
access, to treat arterial dissection or rupture, to treat limb
ischemia, or to elongate or enhance the quality of the stent
attachment site. Table II lists the specific surgical adjunc-
tive procedures required for successful endovascular repair:
5.0% of all thoracic patients and 4.4% of all abdominal
endovascular patients required more than one surgical ad-
junctive technique (not significant). The persistent endoleak
rate was 5.3%, the late rupture rate was 0.7%, the surgical
(30-day) mortality rate was 3.2%, the all-cause mortality
rate to date is 7.3%, and the reintervention rate (open and
endovascular; Table III) was 4.6%. Table IV depicts the
data for the learning curve analysis. In the first study period,
11 (42.3%) of 26 patients from the thoracic group needed
12 open surgical adjunctive procedures, and in the second
study period, 17 (22.7%) of 75 patients required 28 open
adjunctive procedures (not significant). From the abdomi-
nal group in the first study period, 14 (28.0%) of 50
patients required 15 open adjunctive procedures, and 97
(33.8%) of 287 patients required 125 open procedures in
the second study period (not significant). The overall com-
bined rate of surgical adjunctive procedures did not differ
between the two study periods.DISCUSSION
Endovascular treatment of aortic pathology is rapidly
expanding. With recent advances in technology and oper-
ator expertise, patients with higher-risk comorbidities and
more challenging anatomy are being considered for endo-
vascular procedures. In our study, 139 patients (31.7%)
required an adjunctive open surgical procedure to facilitate
stent access or deployment, to elongate or enhance the
quality of the attachment site, or to overcome intraopera-
tive difficulties. This incidence is slightly higher than that
reported in other studies2,12-17 and is related to several
factors.We included planned femorofemoral crossover pro-
cedures during aorto-uni-iliac endostent (AUI) device de-
ployment (59 procedures) as a surgical adjunctive proce-
dure. This technique is integral to the placement of this
type of device and may not be typically categorized as an
adjunctive technique. It could be argued that only those
femoral crossover procedures that were unplanned (three
conversions from a bifurcated device) should be catego-
rized as adjunctive. We have observed an increased inci-
dence of AUI deployment as aortic and iliac anatomic
complexity increases, and we believe that femorofemoral
Table I. Indications for primary aortoiliac repair
Variable n
Thoracic pathology 97
Aortic arch aneurysm 5
Aortobronchial fistula 2
Blunt trauma injury 37
Coarctation stenosis 3
Coarctation pseudoaneurysm 5
Degenerative aneurysm 5
False aneurysm(s) 4
Iatrogenic 1
Infectious 1
Other 1
Penetrating ulcer 7
Rupture 18
Type B dissection, acute 9
Type B dissection, chronic 1
Type B dissection, complicated 3
Type B dissection, uncomplicated 14
Total 116*
Abdominal pathology 317
Aortoiliac occlusive disease 7
Coarctation aneurysm 1
Degenerative aneurysm 282
Dissection, aneurysm 1
Dissection, nonaneurysm 5
Embolic 3
False aneurysm(s) 5
Iatrogenic 2
Infectious 2
Penetrating trauma 1
Penetrating ulcer 4
Rupture 14
Supragraft dilation 1
Total 327†
*Of 97 patients, 19 presented with multiple indications.
†Of 317 patients, 10 presented with multiple indications.bypasses are optimally performed in an operative setting. In
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to enable stent deployment in that these patients would oth-
erwise have been rejected for endovascular repair as a result of
unfavorable iliac anatomy. Finally, 13 of our 49 patients with
femoral crossover repair required another adjunctive repair
(eg, profundaplasty).
The Peter Lougheed Center increasingly accepts pa-
tients from other sites who have been rejected for endovas-
cular repair, particularly for proximal reconstructions and
distal iliac aneurysmal disease. This increased the likelihood
that complex hybrid endovascular procedures would be
required (Fig 1).
On the basis of our early experience with endograft
systems without graft limb stent support, our team has
adopted an aggressive approach in dealing with any signif-
icant occlusive, preocclusive, or thrombotic disease at the
level of the femoral artery access site. This is to minimize
the risks of subsequent thrombosis, embolus, and subse-
quent graft limb occlusion. This contributed to the higher
incidence of femoral artery reconstructions reported in our
series and translated to a low local complication rate on
follow-up.
Finally, we were rigorous in our capture of all adjunc-
Table II. Aggregate adjunctive surgical procedures
Adjunctive procedure Thoracic Abdominal Total
Vascular access
Transabdominal conduit 7 1 8
Iliac access 4 6 10
Contralateral flank incision 1 2 3
Brachial artery cutdown 3 0 3
Femoral aneurysm repair 0 2 2
Arterial dissection/rupture
Angioplasty, patch 1 16 17
Endarterectomy 2 17 19
Iliofemoral bypass 1 2 3
Suture repair 3 3 6
Open conversion 0 7 7
Limb ischemia
Embolectomy 2 7 9
Thrombectomy 0 2 2
Profundaplasty 0 5 5
Enhancement/elongation of
stent attachment site
Aortic cerclage (type I
endoleak) 0 1 1
Carotid-subclavian bypass 7 N/A 7
Internal-external iliac
transposition 0 4 4
Artery ligation 0 7 7
Femorofemoral crossover for
AUI (3 conversions from a
bifurcated device) 1 58 59
Carotid-carotid bypass 2 0 2
Elephant trunk 2 0 2
Axillary-axillary bypass 1 0 1
Aortoinnominate bypass 1 0 1
Aortocarotid bypass 1 0 1
Femoral-axillary-axillary bypass 1 0 1
Total 40 140 180
N/A, Not applicable.tive procedures, particularly the typically underreportedaccess site reconstructions, with monthly chart audits to
ensure that all procedures were included. Separate proce-
dures were recorded even if performed through the same
arteriotomy (eg, profundaplasty and tacking suture repair
for intimal dissections).
The high open adjunctive procedure rate observed in
our series was balanced by a low aneurysm-related compli-
cation rate, with a persistent endoleak rate of 5.3%, a late
rupture rate of 0.7%, and 30-day and all-cause mortality
rates to date of 3.2% and 7.3%, respectively. We did not
observe the high mortality (33%) noted by other investiga-
tors in patients undergoing open surgical adjunctive proce-
dures during endovascular repair.2
In conclusion, our series demonstrates that endovascu-
lar reconstructions for aortic pathology require surgical
adjunctive techniques in a well-developed surgical environ-
ment in more than 30% of patients, that the overall inci-
dence of adjunctive repair was not affected by the learning
curve, and that these repairs were associated with excellent
mid-term results. Hybrid techniques will likely remain an
important strategy to deal with complex anatomic chal-
lenges. The incidence of these techniques is likely underre-
ported in the literature and needs to be captured to allow for
further improvements in endovascular design and to properly
assess cost and impact data for endovascular programs.
Whether to perform endovascular aortic procedures in
an operating room or angiogram suite remains an source of
ongoing controversy. We did not observe any specific com-
plications related to the operative setting. There was a
Table III. Indications for endovascular and surgical
reintervention
Variable n Treatment
Thoracic
Endovascular
Indication
Graft migration 2 Proximal cuff extension
Aneurysm extended
beyond graft 1 Proximal cuff extension
Endoleak type II 1 Embolization coils
Endoleak type III 1 Limb extension
Total 5
Surgical 0 N/A
Abdominal
Endovascular
Indication
Endoleak type I 3 Embolization coils
Endoleak type I 1 Proximal cuff extension
Endoleak type III 1 Limb extension
Endoleak type II 10 Embolization coils
Total 15
Surgical
Indication
Endoleak type I 1 Open conversion
Endoleak type I 2 Iliac ligation
Endoleak type I 1 Aortic cerclage
Endotension 1 Aortic cerclage
Total 5
N/A, Not applicable.learning curve for operative staff relative to endovascular
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not contribute to outcomes in any measurable way.
Fig 1. Multiple surgical adjunctive procedures in a patient with
endovascular repair of a mid-aortic arch aneurysm.
Table IV. Adjunctive surgical procedures by period
Adjunctive procedure
Thoraci
period
Vascular access
Transabdominal conduit 3
Iliac access 2
Contralateral flank incision 0
Brachial artery cutdown 1
Femoral aneurysm repair 0
Arterial dissection/rupture
Angioplasty, patch 0
Endarterectomy 0
Iliofemoral bypass 1
Suture repair 0
Open conversion 0
Limb ischemia
Embolectomy 1
Thrombectomy 0
Profundaplasty 0
Enhancement/elongation of stent attachment site
Aortic cerclage (type I endoleak) 0
Carotid-subclavian bypass 2
Internal-external iliac transposition 0
Artery ligation 0
Femorofemoral crossover for AUI (3
conversions from a bifurcated device) 1
Carotid-carotid bypass 0
Elephant trunk 1
Axillary-axillary bypass 0
Aortoinnominate bypass 0
Aortocarotid bypass 0
Femoral-axillary-axillary bypass 0
Total No. of procedures 12
Total No. of patients in period 26
N/A, Not applicable.C-arm overheating occurred during two cases of fenes-trated endovascular repair with fluoroscopy times longer
than 50 minutes. This necessitated a changeover to a
secondary C-arm unit, and such a changeover would not
have been possible with fixed angiographic units that can
also overheat. An angiography suite may have superior
imaging; however, the tools, personnel, and sterile envi-
ronment necessary to quickly perform potentially lifesav-
ing, or stent-saving, adjunctive open procedures may be
lacking. This controversy can be eliminated by perform-
ing these procedures in a fully equipped endovascular
hybrid operating suite with a permanently mounted
high-resolution image intensifier.18-20 This type of re-
source cannot be expected to be available at most com-
munity hospitals, where vascular specialists are now com-
mencing endovascular repair.
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The authors attempt to bring scientific discourse to bear on a
contentious and partisan issue citing a very high rate of “adjunc-
tive” procedures as evidence that endovascular treatment of aortic
disease should be performed in an operative environment. They
provide an excellent overview of a well-developed aortic endograft
program and the many surgical adjuncts that may be needed.
Although we agree with the message, the argument is over-
stated. The series includes advanced complicated cases and covers
a wide range of indications not representative of procedures per-
formed at many institutions and certainly not by all specialties. The
high rate of surgical interventions is due at least in part to an
unusually heavy use of the AUI configuration, which requires a
femorofemoral bypass. In addition, some procedures performed at
a different encounter before endografting cannot be used to justify
performing the subsequent transarterial intervention in the oper-
ating room. Many adjunctive procedures are clearly surgical pro-
cedures that no other specialty would dispute should be performed
in the operating room, such as an elephant trunk or an aortoin-
nominate bypass. However, these procedures are planned proce-
dures and do not necessarily have to be concurrent with the
endovascular component. Others, such as tacking sutures, limited
endarterectomies, or brachial cutdowns, clearly can be performedrgh, Pa
operating room environment. In that same breath, should we
count all femoral cutdowns as adjunctive procedures?
Although the rate of adjunctive procedures quoted is artifi-
cially high and some procedures listed do not support the argu-
ment, it is unquestionable that unforeseen complications requiring
more complex surgical intervention continue to occur, such as
seven recent conversions in this series. These situations are better
handled in a sterile controlled surgical environment with quick
access to additional anesthesia support, operating room personnel,
and surgical instruments.
Our University of Pittsburgh Medical Center (UPMC) group
performing aortic endografting is very diverse and has used a
variety of setups to perform nearly 1800 procedures in the last
decade. All specialties have access to all locations, thus precluding
the choice of environment based on turf considerations. Although
we come from different disciplines, we presently strongly believe
that aortic endografting should be performed in the operating
room irrespective of the operators’ specialty. Even a low incidence
of adjunctive procedures is justification enough. We also believe
that high-end fixed angiography equipment is clearly helpful in
difficult cases. Outcomes and patient safety—not turf battles—
should guide the choice of practice methods.
